Background: Arterial stiffness is one of the predictors of cardiovascular event. Arterial stiffness is commonly measured by pulse wave velocity between the carotid and femoral arteries. Recently the arterial stiffness index which is measured by computerized oscillometry at the upper arm was developed. As this procedure is a convenient means of measuring pulse wave velocity, we considered it suitable to evaluate arterial stiffness in elderly patients. We evaluated this arterial stiffness index and compared it with other methods of evaluating arterial stiffness in hypertensive patients, including the elderly.
Introduction
In the present study, the functional changes that occur to arteries during aging were observed. Arterial stiffness is one of these arteriosclerotic changes that occurs during aging 1 as well as high blood pressure -they are both measured by pulse wave velocity (PWV). 2 Aortic PWV between the carotid and femoral arteries is commonly used to evaluate arterial stiffness, and populationbased studies 3 have reported that this parameter predicts the presence of cardiovascular events and mortality in hypertensive patients, [4] [5] [6] end-stage renal disease patients 7, 8 and elderly subjects. 9 Much evidence has been arisen from the use of this method, however, as it takes a long time to measure PWV by this procedure, it is not convenient for elderly subjects. Recently, the automatic procedure of brachial-femoral PWV was developed, and this, in contrast, is convenient. However, this procedure cannot evaluate arterial PWV in patients with arteriosclerosis obliterans. The second derivative of photoplethysmogram (SD-PTG) is another procedure which evaluates arterial functional changes. After analyzing this waveform, Takazawa et al . suggest that the b/ a index might reflect large arterial stiffness and the d/a index indicates peripheral reflection. 10 These parameters are different to arterial stiffness measured by PWV and there is little evidence regarding their clinical usefulness. The forearm vasodilator response to reactive hyperemia using strain-gauge plethysmography is another method which partially evaluates endothelial function (another important early atherosclerotic change). Many reports have suggested that endothelial dysfunction is a useful predictor for cardiovascular events, however, this procedure takes a long time and requires a special machine for measurement.
Recently, several non-invasive devices have been developed for measuring brachial artery stiffness. The arterial stiffness index (ASI) measured by computerized oscillometry is one of these devices and it enables us to measure brachial artery stiffness at the upper arm for a few minutes. This device is a convenient method of clinically evaluating arterial stiffness because it takes only a few minutes and it enables the measurement of the upper arm only. However, its usefulness and its relationship with other evaluations has not been established yet.
Therefore, to clarify the usefulness of ASI measured by computerized oscillometry, we investigated the correlation of ASI to other methods of evaluating functional arterial changes, such as carotid-femoral PWV, brachialtibial PWV, SD-PTG and the forearm vasodilator response to reactive hyperemia in patients with essential hypertension including the elderly.
Methods

Subjects
Forty-two patients with mild essential hypertension (60 ± 12years old), defined as stage I by the Sixth Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC-VI) were enrolled. We excluded from this study, hypertensive patients who had severe complications (stage III of World Health Organization) and secondary hypertension, subjects with diabetes mellitus, dyslipidemia, arrhythmia, or cerebrovascular disease by routine physical and laboratory examinations. We classified patients over 60 years old ( n = 26; 68 ± 6years old) as 'elderly' patients and those under 59 years ( n = 16; 47 ± 8 years old) as 'younger patients with essential hypertension'. Twenty-three patients had no medication and 14 patients were treated with single antihypertensive drugs (calcium antagonist for nine patients, angiotensin-converting enzyme inhibitor for three, angiotensin II receptor antagonist for two). Five patients were treated with more than two different drugs (calcium antagonist and angiotensin-converting enzyme inhibitor for two patients, calcium antagonist and angiotensin II receptor antagonist for two, and angiotensin-converting enzyme inhibitor, beta-blocker and diuretics for one patient). The protocol of this study was approved by the hospital ethics committee, and written informed consent was obtained from all the patients. Patients' characteristics are shown in Table 1 . 
Arterial stiffness index
The arterial stiffness index was measured and calculated by computerized oscillometry (Cardiovision, International Medical Devices, Las Vegas, NV, USA). In this procedure, a pressure sensor is attached to the blood pressure cuff to enable the measurement of small volumetric changes of the arm as the cuff pressure is gradually reduced (as shown in Fig. 1 ). After subtraction of mean cuff pressure, highly elastic brachial arteries generate sharply peaked oscillometric curves, whereas stiff brachial arteries produce rounded oscillometric curves. Using this principle, this device calculates an ASI as the oscillometric curve width in each 10 mmHg at 80% of the mean arterial pressure. After 10 min rest in the sitting position, we measured ASI using this device on the left upper arm. After five measurements, we excluded the highest and lowest ASI, and then calculated the mean ASI. The intraobserver coefficient of variation was 2.2% and interobserver coefficient of variation was 4.9%.
Pulse wave velocity
To evaluate PWV which is a maker of another arterial stiffness, we used two different devices: one for carotidfemoral PWV (FCP-4731; Fukuda Denshi, Tokyo, Japan) and one for brachial-tibial PWV (AT-Form; Colin, Komaki, Japan).
To measure carotid-femoral PWV, the pulse waveforms of the right carotid and femoral arteries were recorded non-invasively using a TY-306-Fukuda pressure-sensitive transducer (Fukuda Denshi), and the heart sound was recorded at the same time. A preprocessing automatically analyzed the gain in each waveform and adjusted it for equality of the two signals. This procedure has been published in detail. 11 The intraobserver coefficient of variation was 2.8% and the interobserver coefficient was 3.7%.
To measure brachial-tibial PWV, we recorded pressure waveforms of the brachial and tibial arteries using an automatic waveform analyzer (AT-Form, Colin, Komaki, Japan) as previously reported. 12 After 10 min of bed rest, cuffs with tonometry were settled at both right and left upper arm and lower limbs. Additionally, to measure heart-carotid or heart-femoral PWV, we placed pressure-sensitive transducers on the carotid and femoral arteries and a microphone on the right edge of the sternum at the second intercostal space. The pressure waveforms obtained at each site were simultaneously recorded to determine the time interval between the initial rise in the brachial, carotid, femoral and tibial pressure waveforms. After each distance was automatically calculated, PWV was calculated as distance divided time interval between each site. This procedure automatically measured each PWV twice and calculated the mean of the velocity as the final PWV index.
Second derivative of photoplethysmogram
SD-PTG was performed by a Fukuda FCP-4731 with a model IB-70, as described previously. 13 The IB-70 performs an automatic analysis of each SD-PTG waveform, which consists of four waves in systole (a, b, c and d) and one in diastole (e) (as shown in Fig. 2) . The b/a ratio was defined as the ratio of the height of the b-wave to that of the a-wave, and the d/a ratio as the height of the d-wave to that of the a-wave. Takazawa et al . suggest that the b/ a index might reflect large arterial stiffness and the d/a index indicates peripheral reflection. 10 The intraobserver coefficient of variation was 2.2% and the interobserver coefficient was 2.4%.
Vasodilator response to reactive hyperemia
We measured forearm blood flow by strain-gauge plethysmography (EC5R, DE Horkkanson, USA). The procedure has been previously published in detail. [14] [15] [16] We calculated the reactive hyperemia/baseline value of forearm blood flow as reactive hyperemia ratio, partly reflecting endothelium-dependent vasodilatation. The intraobserver coefficient of variation was 3.4% and the interobserver coefficient was 5.1%.
Statistical analysis
Data were analyzed with StatView version 4.51 (SAS Institute Inc., NC, USA) and presented as mean ± SD. A simple regression analysis was used to compare ASI with the parameters of PWV, SD-PTG or the forearm vasodilator response to reactive hyperemia. The unpaired t -test was used to compare characteristics of subjects and baseline data of PWV, SD-PTG, reactive hyperemia and ASI. A value of P < 0.05 was taken as statistically significant.
Results
Baseline data of arterial PWV, SD-PTG and the forearm vasodilator response to reactive hyperemia are shown in Table 2 . We could not find any statistical difference in blood pressure, PWV, ASI or reactive hyperemia between younger and elderly patients. The b/a in elderly patients was significantly higher than that in younger patients ( P < 0.01) and the d/a in elderly patients was significantly lower than that in younger patients ( P < 0.05). The correlation between ASI and other evaluations are shown in Table 3 . Compared with ASI and carotidfemoral PWV measured by FCP-4731, ASI was significantly correlated with carotid-femoral PWV in all patients ( P < 0.0001; r = 0.579), moreover, the significantly positive correlation with ASI and carotid-femoral PWV was found in the younger ( P = 0.0021; r = 0.728) and the elderly patients ( P = 0.0252; r = 0.456). To compare with arterial PWV measured by AT-Form, ASI was positively correlated with heart-carotid ( P < 0.005; r = 0.454), heart-brachial ( P < 0.05; r = 0.380), heartfemoral (P < 0.01; r = 0.426), right femoral-tibial (P < 0.0005; r = 0.560), left femoral-tibial (P < 0.0005; r = 0.539), right brachial-tibial (P < 0.0005; r = 0.549) and left branchial-femoral PWV (P < 0.001; r = 0.511) in all patients. In elderly patients, ASI was positively correlated with right femoral-tibial (P < 0.05; r = 0.489), left femoral-tibial (P < 0.05; r = 0.449) and right brachial-tibial (P < 0.05; r = 0.477) PWV. Evaluated by SD-PTG, b/a (P < 0.005; r = 0.474) and d/a (P < 0.0001; r = 0.568) were positively correlated with ASI in all patients, and d/a (P < 0.05; r = 0.460) was also significantly correlated with ASI in the elderly patients. In the evaluation of endothelial dysfunction measured by the forearm vasodilator response to reactive hyperemia, we could not find any correlation between ASI and reactive hyperemia in all or elderly patients.
The correlation with carotid-femoral PWV and other evaluations including ASI is shown in Table 4 . As we showed in Table 3 , the correlation coefficient of ASI and carotid-femoral PWV was 0.579 in all patients and 0.456 the elderly patients. Compared with brachial-femoral PWV, which has been recently used to evaluate arterial stiffness, the correlation coefficient was 0.585 for right and 0.572 for left in all patients, and 0.603 for right and 0.575 for left in elderly patients. 
E
Discussion
This is the first report to evaluate the usefulness of ASI compared with other parameters of arterial stiffness and endothelial dysfunction in patients with hypertension. The computerized oscillometry was a convenient procedure and ASI measured by this method was strongly correlated to arterial stiffness evaluated by other methods. Therefore, ASI would be a useful and convenient index to evaluate arterial stiffness in hypertensive patients, including the elderly. Arterial stiffness measured by PWV was widely used to evaluate arterial aging 1 and to predict the presence of cardiovascular event 3-8 even in elderly subjects over 70 years old. 9 These reports were based on the measurement of carotid-femoral PWV, which was measured using pressure-sensitive transducer and heart sound recorder. If the pressure-sensitive transducer was placed on the wrong point of the carotid and femoral artery, pressure wave form was not clearly recorded accuracy was lost. Therefore, pressure-sensitive transducers should be settled completely on the carotid and femoral arteries. However, it required a mature technique and took about 10 minutes. To stay in the same position for a long time may be difficult for elderly patients for reasons including lumber pain, poor realization or dementia. To measure arterial stiffness more conveniently, a new procedure was developed from Colin Co. -AT-Form. To evaluate only brachial-tibial PWV by this procedure, we should perform both left and right upper arm and ankle blood pressure measurement at the same time using an automatic waveform analyzer. This procedure was quite convenient, however, if patients have arterial stenosis between the brachial and tibial artery (such as arteriosclerosis obliterans) this PWV loses its accuracy. Moreover, if heart-carotid PWV measurement was required as in this study, we should place the pressure-sensitive transducer on the carotid and femoral artery like carotid-femoral PWV, so it should also take about 10 min to measure. However, it took only couple of minutes to complete via ASI. In comparison with these two procedures, ASI measured by computerized oscillometry was more convenient, and as we could measure arterial stiffness at the upper arm, ASI was evaluated in patients with arteriosclerosis obliterans.
Another major arterial change is endothelial dysfunction. The forearm vasodilator response to reactive hyperemia was a post-ischemic vasodilator reaction of the radial artery. However, this reaction was strongly correlated to the vasodilator response to acetylcholine infusion from artery. Therefore, the forearm vasodilator response to reactive hyperemia was partially expressed endothelial function. In this study, ASI was not strongly correlated to reactive hyperemia. The endothelial dysfunction is considered to reflect earlier functional responses caused by atherosclerosis, however, arterial stiffness measured by PWV reflects a constitutive stiffened change of artery. Arerial stiffness index measured by computerized oscillometry did not express endothelial function, but would express arterial stiffness.
The present paper indicates that carotid-femoral PWV is related to cardiovascular disease and mortality, however, the brachial-tibial PWV showed little relation to atherosclerotic diseases or mortality. Moreover, we could not find any report about the clinical meanings of ASI. In this report, we showed a strong correlation between ASI and carotid-femoral PWV which was considered to be one of the predictors of the presence of cardiovascular disease. As we speculated from this evidence, further large cohort studies may show that ASI 
Study limitations
The present paper has several limitations. A small number of patients were enrolled and analyzed in this study. Forty-two patients is not a sufficient number to analyze and make conclusions regarding the usefulness and convenience of this procedure. We should also emphasize the large number of cohort studies with primary endpoints including the presence of cardiovascular diseases and mortality should re required using the computerized oscillometry.
